Summary
Four breed types with 12 cows/breed-type (Hereford x Angus, AHx; Charolais and Angus and Charolais x Hereford, Cx; Jersey x Angus, Jersey x Hereford, Jx and Simmental x Angus, Simmental x Hereford, Sx) were used to estimate nutrient requirements for zero daily weight change. Four nonpregnant, nonlactating cows of each breed type were assigned to one of three feeding levels [90 kcal metabolizable energy (ME)'kg body wt (kg) -.Ts. d -1 , 150 kcalME-kg -'Ts -d -1 and ad libitum] for a 140 d feeding period. The feeding trial was: Period 1 (d 0 to 70) and Period 2 (d 70 to 140). Effect of breed type, feeding level and the two-way interaction upon weight, weight change and feed intake data were initially analyzed. Two-factor interactions tended not to be significant for weight and weight change. The main effects of breed type and feeding level tended to be significant for weight and weight change in each of the periods. On d 0, the Sx (570 + 13 kg) and Cx (578 + 14 kg) were heavier (P<.05) than the AHx (527 + 13 kg) all of which were heavier than the Jx (458 + 14 kg). Under the two restricted diets, the breed type ranking for dry matter intake corresponded to the ranking for initial body weight. However, at the ad libitum feeding level, the Cx tended to consume less dry matter than the other breed types. Measures of weight change were evaluated to test the effect of breed type and dry matter intake. The effect 1Cooperation of the Nebraska Agr. Exp. Sta., Univ. of Nebraska, is acknowledged.
2 ARS, NCR, MGPA, Roman L. Hruska U.S. Meat Animal Research Center. Mention of a trade name, proprietory product or specific equipment does not constitute a guarantee or warranty by the USDA and does not imply approval to the exclusion of other products that may be suitable. of breed type was significant only for daily weight change (kg/d) during Period 2. The linear and(or) quadratic effects of dry matter intake (2.53 Mcal ME/kg dry matter) on measures of weight change were significant in all periods. During Period 1, the pooled dry matter intake estimate for zero daily weight change and zero metabolic weight change were 8.1 kg/d and 75.3 g-kg-'TS'd -i, respectively. For AHx, Cx, Jx and Sx during Period 2, daily dry matter intake for zero weight gain was 4.2, 5.3, 4.2 and 5.5 kg/d, respectively. A pooled estimate of 43.9 g'kg -'Ts'd -1 was obtained for dry matter intake relative to metabolic size in Period 2. (Key Words: Breed Types, Dry Matter, Requirements, Weight Changes, Nonlaetaring Mature Cows, Nonpregnant Mature Cows.)
I ntroduction
Although considerable effort has been directed toward describing nutrient requirements for maintenance and gain in growing and finishing beef cattle, less effort has been expended to establish nutrient requirements for the different physiological states (lactation, gestation) in mature beef cows. Garrett (1974) estimated that Hereford cows required about 112 kcal metabolizable energy (ME)/kg "Ts for maintenance. Klosterman et al. (1968) observed similar requirements in mature Charolais and Hereford cows for maintenance, but suggested body condition influenced these requirements. Neville and McCullough (1969) estimated maintenance requirements for lactating and nonlaetating Hereford cows to be 178 kcal ME/kg "75 and 137 kcal ME/kg "Ts, respectively. During a production cycle, the energetic cost for a 500 kg cow producing 1,400 kg of milk through a 205 d lactation period would be about 5,450 Meal ME/yr [1,400 Meal ME for lactation (NRC, 1976) ; 535 Meal ME for 761 JOURNAL OF ANIMAL SCIENCE, Vol. 56, No. 4, 1983 gestation (Ferrell et al. 1976 ); 4,825 Mcal ME/yr for maintenance (NRC, 1976) ]. About 70% of the energetic cost for a cow production year is attributable to maintaining the cow. The study reported here evaluates nutrient requirements for maintenance in mature nonlactating, nonpregnant cows representing diverse breed types.
Experimental Procedure
Animals. Twelve nonlactating, nonpregnant mature cows from four breed types were randomly selected from 1970-born FI crosses produced in Cycle I of the Germ Plasm Evaluation (GPE) being conducted at Roman L. Hruska U.S. Meat Animal Research Center. The sampling procedure used to select the sires of the Angus • Hereford, Hereford x Angus (AHx); Charolais x Angus, Charolais x Hereford (Cx), Jersey x Angus, Jersey • Hereford (Jx), Simmental • Angus and Simmental x Hereford (Sx) was described by Laster et at. (1972) .
Preweaning growth of these breed types and others involved in Cycle I of the GPE were reported by Smith et al. (1976) and the postweaning growth and puberty information were reported by Laster et al. (1976) . Notter et al. (1978a,b) characterized the maternal performance of these breed types through the first two calf crops. Bowden (1980) and Notter et al. (1978b) reported the milk production levels for the breed types involved in this study. Based on weight and expected milk production levels as described in the above papers, the four breed types involved in the present study were chosen from the Cycle I GPE population to represent breed types differing in mature size and milk production potential. All cows used in the study had weaned a calf approximately 6 wk before the initiation of the study.
Feeding Trial. For each breed type (12 cows/breed type) four cows were assigned to a pen and fed one of three planes of nutrition (feeding level): low (90 kcal ME-kg'-'7S'd-t), medium (150 kcal ME'kg -'7s "d -1 ) and high (ad libitum), (three pens/breed type) as provided by the diet outlined in table 1. The pens were contained in an open-front shed and measured approximately 11.7 • 6.1 m with concrete flooring; bedding was not provided. The feed allowance for each cow was established at the ! 3 American-Carlen, Inc., Rt. 4, Northwood, NH. beginning of the 140-d feeding trial and the cows were individually fed, using AmericanCarlan-Broadbent Electronic gates 3, at this initial assigned feeding level for the duration of the study. After a 3-wk adjustment period, the feeding trial was initiated in November, 1979 and terminated in April, 1980 . At time of initiation, the mean condition score (9 point system where 1 -extremely emaciated, 5 --average condition and 9 = extremely obese) for the breed types were AHx, 5.8; Cx, 5.3; Jx, 4.8 and Sx, 5.2 . Cow weights were recorded at the initiation of the study and at 28-d intervals throughout the remaining 140-d. Weekly feed intake of individual cows was recorded.
Data Analysis. Individual animal weight and cumulative feed intake curves were obtained by regressing these response variables on days on test with a quadratic polynomial. For most individuals in the study, the quadratic regression was determined to be the more appropriate curve-smoothing function for these response variables for developing a predicted data base for subsequent analyses. The individual cow weight and cumulative feed intake curves were used to predict weight and cumulative feed intake at d O, 70 and 140. Measures of average weight change, average weight for a period and daily dry matter intake (DMI) were estimated from the predicted values for each animal during Period 1 (d 0 to 70) and Period 2 (d 70 to 140). Average daily weight change was also expressed as a ratio to average metabolic body size (kg "75) within each period.
Initially, the response variables for each period were analyzed by !east-squares procedures (Barr et al., 1979) with a model that included the fixed effects of breed type, feeding level and the two-way interaction between these effects. Paired t-tests were used to test for differences among significant breed type, feeding level and two-way interaction means.
To determine the effect of dry matter intake and breed type on daily weight change for the periods, the measures of daily weight change were analyzed according to the following model. bl,b2 --coefficients for the pooled linear and quadratic effects of dry matter intake (DMI); ba,b4 = coefficients for the within breed type linear and quadratic effects of DMI, and eij = residual error.
If the within breed type quadratic regression coefficients were homogenous for DMI, this term was deleted from the model and the data reanalyzed using the reduced model.
The resulting models from the above procedure were used to estimate the DMI requirement for zero weight gain within period. The response variable, measures of daily gain, were set to zero and the dry matter intake required for this solution was estimated. To synthesize a 90% confidence interval around the estimate for dry matter intake required for zero weight change, a 90% confidence interval was estimated for y --0 (Neter and Wasserman, 1974) . The upper and lower boundry limits from this confidence interval were entered into the dry matter intake regression equations for estimation of y. The solution of the regression equations for the upper and lower boundary limits provides a conservative confidence region for dry matter intake.
Results
Animal Performance. Mean squares from the fixed effect model analysis of variance by periods are reported in table 2 for measures of weight, weight change and daily dry matter intake. With the exception of weight change/day in Period 2, the two-factor interaction between the fixed effects was not a significant source of variation for measures of weight or weight change. Results of the analysis showed that, among breed types during Period 2, rank changes or changes in the magnitude of differences for daily weight change occurred across feeding levels. With the exception of weight on d 0 of the feeding trial, the effect of feeding level was highly significant for all response variables during the defined periods. As described in the experimental procedure section, cows were randomly assigned within breed type across feeding level so this lack of significance was not unexpected.
For dry matter intake, the two-factor interaction was a significant source of variation within both periods for both measures of dry matter intake. The breed type x feeding level least-squares means for dry matter intake for Periods 1 and 2 are plotted in figures 1 and 2, respectively. Part of the variation attributable to the interaction effect on dry matter intake may be explained by the inadvertent ad libitum feeding of cows assigned to the restricted levels for the first week of Period 1. This error in protocol implementation helps to partially explain the ranking among breed types for the low feeding level in Period 1. The breed type ranking for dry matter intake at the low feeding level in Period 2 is consistent with weights reported in table 3. However, at the high level, the Cx (11.5 kg) consumed significantly less dry matter than either the Sx (13.1 kg) or the AHx (13.7 kg) and did not differ (P>.05) from the breed type characterized as having the smallest mature size, the Jx (11.7 kg; table 4). Similar results were noted in Period 2 (figure 3). At the restricted feeding levels, breed type ranking was in general agreement with breed type rank for weight at the start (d 0) of the study. However, under ad libitum feeding conditions, the dry matter intake of the Cx differed significantly from the Sx and AHx breed types and more closely resembled the dry (table 3) . The Cx and Sx were heavier (P<.05) than the AHx and Jx at the start of the study, but were not significantly different from each other. The AHx were heavier (P<.O1) than the Jx. The same breed type ranking for weight was noted at d 70 with the Cx, Sx and AHx being heavier (P<.01) than the Jx, but these breed types did not differ (P>.05) from each other. The Jx did not weigh (P<.05) as much as the Sx, Cx and AHx at the end of the study (d 140). No differences (P>.05) were noted among the latter three breed types for weight at this time.
Breed type had a highly significant effect on average weight within a period (table 2). Breed type ranking for average weight during Period 1 was the same as the ranking reported for weight at d 0 (table 4) . During Period 2, the average weight of the Jx was significantly different than that of Sx, Cx, and AHx, but the latter three breed types did not differ (P>.05).
Feeding level was a significant source of variation for weight at d-70 and average weight in Periods 1 and 2. Pooled across breed types, the weights by feeding level at d 70 were: low<medium<high (P<.01). At d 140, the feeding level ranking was low<medium<high (P<.01). The same ranking and significance pattern for the feeding levels were noted for average weights of Period 1 and 2.
For measures of weight change during Period 1, feeding level was a significant source of variation (table 2). The weight change differed (P<.01) for cows fed low, medium and high levels and were -659 + 73, -104 + 73 and 937 + 81 g/d, respectively. These differences among feeding levels continued to be manifested when the weight changes/day were expressed relative to average metabolic size for Period 1 with: -6.3 + .68, -1.0 + .68 and 7.9 + .75 g-kg -.7s. d -1 for low, medium and high levels, respectively.
During Period 2, breed type rank changes or changes in the magnitude of differences were noted for the response variable weight change/ Residual standard devaatlon. (table 2) . The mean daily weight change for AHx, Cx, Jx and Sx for the low, medium and high feeding levels are plotted in figure 3 . The data points were connected to emphasize the breed type rank changes and changes in the magnitude of differences among breed types for daily weight change across feeding level. Rates of weight change did not differ (P>.10) among breed types at the low feeding level. At the medium feeding level, the weight change of the Sx (540 -+ 81 g/d) was greater (P<.05) than the AHx (470 + 81 g/d), Cx (422 + 81 g/d) and Jx (425 + 81 g/d). The daily weight change of Cx under the high feeding level (143 -+ 94 g/d) was lower (P<.05) than that recorded for the Cx fed at the medium level. Possible reasons for the performance of the Cx will be discussed later in this report. When daily weight changes within Period 2 were expressed relative to average metabolic size, only feeding level was significant. intake were homogenous. Within Period 1, the pooled linear regression term for dry matter intake was the only significant source of variation on daily weight and change in daily weight/kg "75. During Period 2, the main effect of breed type and the pooled linear and quadratic dry matter intake terms significantly affected daily weight change. While the linear and quadratic were significant, the effect of breed type was not significant when weight change/day was expressed relative to average metabolic weight within Period 2.
Dry Matter
The response of daily weight change (g/kg "75) to daily dry matter intake is reported in table 6 for Periods 1 and 2. Although the null hypothesis of no difference among breed types cannot be rejected at ~ = .05, breed type approached significance in each period. Therefore, the mean plus breed type effect are also reported in table 6. Estimated dry matter intakes (g'kg-'75"d -1) required for zero weight change are also reported. During Period 1, a positive linear response was noted for increasing dry matter intake for animals involved in the study. Expressed relative to avera~ge metabolic weight for the period, .24 g/kg "7~ increase in weight would be expected for each gram increase in dry matter intake (g/kg'TS). Setting the pooled-across-breed-types linear regression to zero and solving the linear equation resulted in an estimate of 75.36g'kg "Ts'd -1 of DMI for zero weight change/kg'75. Including the effect of breed type in the estimation procedure provides an estimate for breed type requirements. The breed type ranking for dry matter intake (g'kg-'75"d -1) requirement for zero .. 75-~ .~ rn Period 1 is daily weight change (gg" j ,m i g " " Jx(84.55), Sx (76.18), AHx (75.08) and Cx (73.53).
The linear and c~uadratic effects of dry matter intake (g'kg -''5"d -1) upon daily weight change (kg "75) were significant during Period 2. The linear (56 +-.09) and quadratic (-.003 • .0006) regression coefficients indicate a decreasing rate of weight increase/kg "75 to be associated with increasing dry matter intake during Period 2. Breed type dry, matter intake during Period 2 (g'kg-'75"d TM) requirement estimates for zero daily weight change/kg "75 were Sx(45.49), Cx(43.05), Jx(40.14) and Ax(38.73). A pooled estimate for dry matter intake requirement was 43.96 g-kg -'75 "d -1 .
Because the study was initiated to investigate dry matter requirements of nonlactating, nonpregnant cows characterized as being close to their mature weights, the amount of dry matter required to maintain the respective mature weights are reported in table 7. The effect of breed type upon daily weight change was significant in Period 2. The trend among breed types across feeding period was for larger breed types to require more dry matter intake/ day to maintain the average weight within a period. For the period in which breed type effects were significant (Period 2), the dry matter requirements for zero daily weight change of Sx, Cx, AHx and Jx were estimated to be: 5.58, 5.30, 4.24 and 4.20 kg/d. aln the pooled regression equation, the breed type effect is not included in the intercept. bAHx = Angus X Hereford, Hereford X Angus; Cx = Charolais X Angus, Charolais X Hereford; Jx = Jersey X Angus, Jersey x Hereford; Sx = Simmental X Angus, Simmental X Hereford.
Cpooled regression coefficients are the same for all breed types. dValues are means + SE. e90% confidence interval.
Discussion
To ensure that adequate nutritional (energy) resources are available to prevent limitation in cow productivity through energetic constraints, more information is required regarding the energetic needs of diverse breed types during various physiological states. For a hypothetical cow weighing 500 kg, about 70% of the annual production cycle energy requirements for this animal are required to maintain its weight. Factors impacting maintenance have been discussed in the literature, but more information is needed. Reid et al. (1980) suggested that such factors as: 1) increased physical activities; 2) ambient temperature above or below thermal neutral zone; 3) protein intake above necessary requirements; 4) decreasing metabolizability of dietary energy; 5) physiological degree of maturity and 6) body composition can impact the maintenance requirements of an animal.
The present study was designed to provide information regarding maintenance requirements for mature nonlactating, nonpregnant cows. Additionally, the question of differences in dry matter requirements for zero weight change among breed types characterized as differing in mature weight and milk production potential was addressed. Lemenager et al. (1980) reported that factors other than weight and(or) milk production potential differences among Hereford, Angus x Hereford, Charolais x Hereford and Simmental x Hereford cows need to be considered when determining energy requirements during gestation and lactation. Weight differences were found among the breed types at d 0, 70 and 140 in the present study. Over the first 70 d of the current study, weight change among the breed types did not differ. However, during Period 2, results from the fixed model analysis indicated a relationship between feeding level and breed type for daily weight change. The performance of the Cx and Jx at the ad libitum feeding level was lower than expected, closely resembling the performance at 150 kcal ME'kg -'7s "d -1 . The Cx were heavier than the Jx, but the weight change of the Jx tended to be greater at the 150 kcal ME-kg-'7S'd -1 and ad libitum feeding level. These results again suggest factors other than weight are impacting energy utilization. The estimated dry matter intake for zero weight change during Period 2 for the four breed types aln the pooled regression equations, the breed type effect is not included in the intercept. bAHx = Angus • Hereford, Hereford X Angus; Cx = Charolais X Angus, Charolais X Hereford; Jx = Jersey x Angus, Jersey X Hereford; Sx = Simmental X Angus, Simmental X Hereford.
Cpooled regression coefficients are the same for all breed types. dValues are means + SE. e90% confidence interval. suggested a positive relationship between weight and dry matter required. However, when the requirements were determined relative to average metabolic size for Period 2, the breed type differences were not apparent. Breed type did not significantly affect daily weight change in Period 1 when dry matter intake was included in the model.
The disparity in nutrient requirement between Periods 1 and 2 for zero change in weight (kg "Ts) again suggests the impact of factors other than weight. With the exception of ambient temperature and body composition, the factors discussed by Reid et al. (1980) remained constant between the two periods. Klosterman et al. (1976) suggested maintenance requirements varied with condition. Assuming that for the present diet, 2.53 Mcal ME/kg dry matter was available, the estimated energy requirement for maintenance during Period 1 was 190.7 kcal ME'kg -'Ts "d -1 . This requirement is in agreement with the 182.3 kcal ME'kg -'Ts 9 d -1 reported for gestating Angus cows fed during the winter by Thompson et al. (1981) , but was higher than the requirements for Angus
• Hereford (127.6 ME'kg -'7s'd -1) and Angus x Holstein (140.3 kcal'kg -'7s'd -1) involved in that study. During Period 2 of this study, the estimated daily energy requirements for maintenance was 111 kcal ME,kg-'7S'd -1. This figure is in agreement with NRC (1976), but is slightly lower than the requirements reported by Neville (1974) for nonlactating, gestating Hereford cows (123 kcal ME'kg -'Ts "d-I).
Through the estimation procedures applied in the present study, a 72% increase in energy requirements for maintenance of nonlactating, nonpregnant mature cows relative to requirements in Period 2 was observed for Period 1. Period 1 can be defined as the time from the last week in November through the second week in February. During this time frame, the mean high temperature was 3 C and mean low was -9 C. The time frame included in Period 2 was from the second week in February through the third week in April and the mean high and low during this period was 6 and -4 C, respectively.
The relationship between thermal temperature and energy requirements could not be clearly estimated in the present study. The cattle were fed in pens with concrete flooring. During Period 1, considerable frozen manure buildup was observed, while during Period 2, the pens tended to have a high degree of moisture buildup. Also, during Period 2, with reduction of thermal stress, lower average weights and the same feeding level, the low feeding-level cattle showed a positive weight gain. This may not be directly attributable to a more favorable thermal environment. Ledger and Sayers (1977) suggested that animals sustained over a long period of time on a submaintenance feeding level could adjust their physiological functions to reduce their effective maintenance requirements.
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